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FOREWORD 


Opinions  r  interpret’-ations  r  conclusxons  and  recoimnen nations  are 
those  of  the  author  and  axe  not  necessarily  endorsed  by  the  US 
Army. 


_ Where  copyrighted  material  is  quoted,  permission  has  been 

obtained  to  use  such  material. 

_ Where  material  from  documents  designated  for  limited 

distribution  is  quoted,  permission  been  obtained  to  use  the 
^n^erial. 

Citations  of  commercial  organizations  arid  trade  names  in 
t-_his  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations  . 

In  conducting  research  using  animals,  the  investigator (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  prepared  by  the  Committee  on  Care  and  Use  of  Laboratory 
ani-mai g  of  the  Institute  of  Laboratory  Resources,  National 
Research  Council  (NIH  Publication  No-  86—23,  Revised  1985). 


_  For  the  protection  of  human  subjects,  the  investigator (s) 

adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 

In  conducting  research  utilizing  recombinant  DNA  technology, 
the  investigator  (s)  adhered  to  current  guidelines  promulgated  by 
the  NatiouELl  Institutes  of  Health. 


In  the  conduct  of  research  utilizing  recombinant  DNA,  the 
investigator tsi  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules. 

In  the  conduct  of  research  involving  hazardous  organisms, 
the  investigator (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories. 
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Figures,  Tables  and  Pictures  (micrographs) 


All  following  experiments  were  performed  with  frog  embryos.  F 
indicates  a  figure,  T  indicates  a  table,  and  P  indicates  a 
photomicrograph . 
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Executive  Summary 


A  principal  concern  of  toxicology  whether  it  be  mammalian, 
vertebrate,  or  environmental  is  and  will  continue  to  be  the 
effect  of  low,  sub-lethal,  concentrations  of  toxicants  on 
organisms.  One  effect  of  low-level  toxicants  is  on  neural 
properties.  That  is,  low  levels  of  naphthalene  do  not  kill 
aquatic  organisms  but  do  alter  behavior.  We  used  frog  tadpoles 
to  evaluate  the  effect  of  low  toxicant  levels  on  neurophysiology. 

An  existing  bioassay  was  extended  into  neural  and 
neurological  analysis.  FETAX  (Frog  Embryo  Teratogenesis 
Assay : Xenopus )  was  published  by  Dumont  in  the  early  eighties  (1) 
and  extended  and  validated  by  Bantle,  Dawson,  and  Fort  (2).  FETAX 
uses  embryos  from  a  fully  aquatic  frog,  Xenopus  laevis,  as  a 
model  for  vertebrate  and  mammalian  development.  The  endpoints 
normally  associated  with  FETAX  are  percent  lethality,  percent 
malformation,  percent  control  growth,  and  minimxim  concentration 
to  inhibit  growth.  To  better  model  the  mammalian  embryonic 
environment,  a  Metabolic  Activation  System  was  included  in  the 
assay  with  promising  results ( 3 ) . 

CHAWQ  (Cell  Health  Assay  of  Water  Quality)  was  developed  in 
the  late  eighties  by  Blankemeyer  as  a  cellular  assay  which  uses  a 
suite  of  cellular  biomarkers  to  establish  the  mode  and  mechanism 
of  action  of  toxicity(4).  The  cellular  biomarkers  are: 

Membrane  potential (5,6) 

Cellular  calcium  (7,8) 

Cell  necrosis  (8) 

Cellular  pH  (8,9) 

DNA  quantity/environment (8,10) 

CHAWQ  uses  Xenopus  embryos,  usually  in  the  small  cell 
blastula  stage(ll),  so  that  the  cellular  biomarkers  can  be 
interpreted  in  terms  of  FETAX  endpoints.  Other  stages  of  frog 
embryos  can  and  have  been  used  as  well  as  Daphnia,  minnows,  and 
mammalian  muscle  and  erythrocytes. 
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Literature  Review 


During  the  course  of  this  contract  we  investigated  the 
properties  and  effect  on  embiryos  of  several  neurotoxic  chemicals. 
A  brief  review  of  those  chemicals  follows: 

Acrylamide 

Acrylamide  ( 2-propenamide) ,  a  benzene  derivative^  is  a 
widely  used  industrial  chemical  in  water  treatment,  construction, 
and  oil  recovery  and  is  widely  used  in  as  a  polymer  in  biological 
research.  The  monomer  is  clearly  toxic  to  humans,  with  rapid 
skin  absorption  accompanied  by  symptoms  of  ataxia,  numbness  of 
limbs,  fatigue,  and  eye  and  skin  irritation  (20). 

One  of  the  neurological  modes  of  action  is  the  reduction  of 
conduction  velocity.  In  one  set  of  experiments,  subcutaneously 
injected  acrylamide  (  at  0.35  mM/kg)  reduced  sciatic  nerve 
conduction  velocity  and  subsequent  paralysis  of  hindlimbs  in  six 
weeks  in  Wistar  rats.  Weight  of  soleus  and  plantaris  muscles  was 
reduced  at  this  dosage  level  but  not  at  the  high  dosage  level 
(31). 


Dose-dependent  acrylamide  modes  of  action  are  also  suggested 
in  human  exposure  although  the  data  has  been  extrapolated  from 
the  usual  rat  models.  Behavioral  endpoints  including  grip  and 
acoustic  startle  reflex  were  assessed  under  a  dose  vs.  time 
paradigm. ^  Results  suggested  that  “behavioral  endpoints  showed 
both  qualitative  and  quantitative  changes  as  a  result  of  dose 
rate".  (27) 

Mechanism  of  action  studies  employing  cell  lines  showed  that 
acrylamide  altered  the  gross  morphology  and  induced  neurofilament 
accumulation  in  PC12  cells,  a  pheochromcytoma  cell  line. 
Acrylamide  also  regulated  the  neurofilament  synthesis  via  the 
mRNA  of  three  neurofilament  subunit  genes  but  not  via  NGF. 
Dexamethasone  antagonized  acrylamide  induced  neurofilament 
synthesis.  These  studies  suggest  there  is  a  dexamethosone- 
sensitive  step  common  to  NGF  and  acrylamide  mechanisms  of 
action. (30 ) 

These  results  show  why  acrylamide  is  a  widely  used  model  for 
rat  autonomic  neuropathy  and  may  be  important  in  development  of 
neurophysiological  biomarkers  with  meaningful  endpoints.  (Costa) 
The  ^  dose-dependent  mechanisms  apparently  operating  in  acrylamide 
toxicity  are  probably  representative  of  complex  mechanisms 
underlying  apparently  simple  modes  of  action.  (29)  and  has  been 
adopted  as  a  standard  method  of  producing  neuropathology  in  rat 
models. 
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ALBIZZIA 


Albizzia  is  probably  one  or  more  of  the  Julibrosides,  isolated 
from  the  stem  bark  of  the  silktree,  Albizzia.  julibrissin  •  We 
were  unable  to  locate  any  specific  references  to  toxicity 

there  is  considerable  interest  in  bio—ameliorative 
effects  (#2). 


Colchicine 


^  Colchicine^  an  alkaloid  from  Colchicum  autumnale,  is  a  tool 
in  cell  biolo^  that  inhibits  the  doubling  of  chromosomes  by 
interfering  with  microtubular  assembly  and  organization  during 
late  anaphase/telophase.  The  same  mechanism  apparently  operates 
to  alter  anterograde  or  retrograde  transport  in  axons  thus 
inhibiting  movement  of  vital  materials  from/to  the  soma  or  cell 
body  (20). 

Cochicine  is  toxic  to  mice  at  doses  of  3.5  mg/kg  i.v.  There 
have  been  attempts  to  use  colchicine  as  an  antineoplastic  drug 
and  as  an  anti— cirrhotic;  these  form  the  bulk  of  the  literature 
save  the  use  of  colchicine  as  a  molecular  probe  in  cell 
biology. (20) 


When  rats  with  CCI4  induced  cirrhosis  were  treated  with 
colchicine  and  trimethylcolchicinic  acid  (  a  colchicine 
derivative)  significantly  reversed  liver  disease  markers 
suggesting  that  the  effect  on  cirrhotic  livers  was 
mechanistically  based.  (39).  Similar  studies  using  colchicine 
with  lactosimated  serum  albumin  suggest  that  the  combination  was 
more  effective  than  ccplchicine  alone  and  that  the  morphological 
effect  of  the  colchicine  was  to  reduce  fibrotic  activity .( 43 ) 

Glutamate 


Glutamate  has  neurotoxic  effects  characteristic  of  the 
excitatory  amincp  acids  (EAA)  and  a  wide  range  of  other  effects 
including  altering  the  metabolism  of  ischemic  cardiac  cells  and 
antiproliferative  activities  in  rheumatoid  cell  culture  models 
( see  44-49 ) . 

Glycine 

Glycine,  as  is  glutamate,  evokes  significant  interest  as  a 
member  of  the  EAA  group,  a  set  of  amino  acids  that  have 
interesting  properties,  generally  associated  with  agonist  or 
antagonist  properties  of  the  NMDA  (N-methyl-D-aspartate)  effects. 
Current  interest  is  in  motor  activity  in  relationship  to  PCP  (53) 
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and  the  glycine  site  in  the  NMDA  complex  (54). 


Glvcoalkaloids 


Solanaceous  plants,  including  crops  such  as  potatoes, 
tomatoes,  and  eggplant  as  well  as  the  toxic  weeds  black 
nightshade  and  jimsonweed,  and  tobacco,  synthesize  secondary 
plant  metabolites  during  growth  and  post-harvest  storage  and 
processing.  Glycoalkaloids  are  secondary  plant  metabolites  in 
potatoes  whereas  the  primary  glycoalkaloid  in  tomatoes  is 
tomatine  (1).  In  commercial  potato  cultivars,  the  primary 
glycoalkaloids  are  a-chaconine  and  a-solanine,  present  in 
approximately  equal  amounts  (2).  These  glycoalkaloids  have 
similar  structures  except  for  the  differences  in  carbohydrate 
side  chains.  For  example,  a-chaconine  has  a  glucose-rhamnose- 
rhamnose  side  chain  whereas  a-solanine  has  a  galactose-glucose— 
rhamnose  side  chain.  Glycoalkaloids  are  present  in  highest 
concentrations  when  the  potato  or  tomato  is  green,  or  damaged,  or 
stored  potatoes  (3).  That  is,  a  section  of  a  potato  that  is  green 

have  a  higher  concentration  of  glycoalkaloids  than  a  nearby 
white  portion  of  the  potato.  Mishandling  or  poor  storage 
increases  the  concentration  of  glycoalkaloids.  We  can  infer  that 
the  glycoalkaloids  evolved  as  a  plant  defense  mechanism  against 
herbivores  and  are  probably  toxic  ( 4 ) . 

TOXIC  EFFECTS  OF  GLYCOALKALOIDS 

Potato  glycoalkaloids  are  implicated  in  human  toxicity.  A 
surprisingly  low  level  of  potato  glycoalkaloids,  ca.  5  mg/kg,  is 
lethal  to  humans(5).  a-Chaconine  is  linked  to  spinal  defects  in 
mammalian  embryos  such  as  spina,  bifida  (5).  Spina  bifida  occurs 
at  a  frequency  of  5  per  1000  live  births(6).  Analysis  of 
miscarried  pregnancies  shows  that  the  frequency  of  spina  bifida 
per  conceptions  is  ca.  20  per  1000  (6).  Consumption  of  potatoes 
by  humans  results  in  significant  serum  levels  of  glycoalkaloids 
and  glycoalkaloid  by-products  (6,7).  Of  the  many  animal  models 
exposed  to  the  glycoalkaloids,  hamsters  are  the  most  sensitive  to 
glycoalkaloids  and  mimic  suspected  human  sensitivity  to 
glycoalkaloids  (8).  While  mammals  are  clearly  affected  by 
glycoalkaloid  toxicity,  many  studies  have  employed  non-mammalian 
models  to  increase  sample  size  and  ease  of  experimental 
manipulation.  For  example,  frog  embryos  are  affected  in  two  clear 
modes:  [1]  high  concentrations  of  glycoalkaloids  (2  mg/L)  are 
embryo-lethal;  [2]  lower  concentrations  (ca.  0.1  mg/L)  are 
teratogenic  (2).  Some  of  the  malformations  observed  upon  exposure 
to  a-chaconine  are  anencephaly,  lack  of  neural  tube  closure,  or 
other  spinal  defect,  pathologies  very  similar  to  those 
demonstrated  in  glycoalkaloid  toxicity  to  mammals.  Since 
glycoalkaloids  produce  similar  spinal  failures  in  frogs  as  in 
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humans,  frogs  are  a  reasonable  model  for  studying  interactions  of 
toxicants  with  development. 

BENEFICIAL  EFFECTS  OF  GLYCOALKALOIDS 


Besides  the  well-established  toxicity  of  the  glycoalkaloids 
to  vertebrates,  glycoalkaloids  are  also  quite  toxic  to  fungal 

growth  ( ) .  Solasodine  glycosides  have  been  suggested  as  anti- 
cancer  agents  ( ) . 


EFFECT  OF  FOLIC  ACID  ON  NEURAL  TUBE  PATHOLOGY 

^  acid  has  been  linked  to  the  prevention  of  human  spinal 

defects  by  strong  epidemiological  evidence  (12).  In  the  membrane 
potential  assay  with  frog  embryos,  folic  acid  reduces  the 
toxicity  of  the  glycoalkaloids  when  membrane  potential  is  used  to 
measure  toxicity  (see  Preliminary  Data).  Data  linking 
glycoalkaloids  with  membrane  potential  changes  suggests  that  the 
mechanism  of  action  is  a  specific  effect  on  cell  membranes. 

KAINIC  ACID  (KAINATE) 

Kainic  acid  is  normally  associated  with  epileptic  seizures, 
occurring  after  administration  to  mammals.  When  the  brains  of 
hese  animals  or  when  kainic  acid  is  directly  injected  or 
otherwise  positioned  near  brain  tissue,  a  lesion  occurs  with  a 

effect  relationship.  It  is  usually  associated 
class  of  excitatory  amino  acids  or  EAA's.  Typical  of 
E^  associated  activity  is  N-methyl-D-aspartate  or  NMDA  (see  56- 


MIMOSINE 


Mimosine  is  a  toxic  non— protein  amino  acid  that  is  a  major 
constituent  of  the  tropical  legumes  Leucaena  and 
Mimosa.  Mimosine  causes  acute  and  chronic  toxicosis  in  livestock 
ingesting  those  legumes.  In  cell  culture  trials,  mimosine 

DNA  synthesis  when  applied  at  pharmacological  levels  (0.4 
) (  2 ) .  At  least  in  this  system  mimosine  has  a  mechanism  of 

with  iron  chelation  since  the  DNA  synthesis 
inhibition  was  reversed  by  addition  of  excess  iron  sulfate. 

NAPHTHALENE 


We  have  worked  extensively  with  naphthalene  in  our  lab, 
using  it  as  a  model  "oil  field"  pollutant  to  test  the  response  of 
organisms,  including  frogs  and  daphnia,  to  field  doses  of 
naphthalene  (13).  Naphthalene  is  an  oil  byproduct  that  has  many 
industrial  uses  as  well  as  being  an  insecticide. 


TRIMETHYLTIN 


Trimethyl  tin  is  an  organometal  chemical  that  produces 
selective  lesions  in  hippocampal  pyramidal  cells  in  both  neonate 
and  learning  dysfunction  in  adult  rats  (67,68). 

vinblasttnf; 

. ,  .  Vinblastine,  a  vinca  alkaloid,  is  an  antineoplastic  drug 

at  strongly  affects  the  assembly  of  microtubules  and  thus 
alters  neural  anterograde  transport  and  other  cellular, 
microtubule  dependent,  processes  (20).  The  antineoplastic 

activity  of  vinblastine  is  probably  due  to  a  reduction  in  blood 
flow  to  the  tumor  (73). 
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HYPOTHESIS 


Hypothesis;  Measurement  of  neurological  endpoints  will  extend 
FET^  assay  and  correlate  effects  of  sub-lethal  concentrations  of 
toxicants  with  measures  of  neurotoxicity. 


Technical  Objectives: 

1  To  determine  whether  the  test  chemicals  affect  neural 
development  and  neural  properties,  we  will  qualitatively  and 
quantitatively  measure  tadpole  neuron  location  as  well  as 
neuronal  properties. 


2  To  establish  the  relevance  of  the  neurological  endpoints,  we 

^  conventional  bioassay  and  a  cellular  bioassay  in 
conjunction  with  the  neurological  assays.  Conjointly  assaying  the 

chemicals  permits  direct  comparison  of  results  using  matched  pair 
statistics.  ^ 

3  Accomplishment  of  these  Technical  Objectives  will  result  in 
experimental  paradigms,  protocols  and  biological  endpoints  for 
integrated  bioassessment. 
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METHODS 


FETAX  DESCRIPTION 

FETAX  (Frog  Embryo  Teratogenesis  Assay:  Xenopus)  uses  South 
African  clawed  frog  eij±)ryos  in  assessing  survival,  growth,  and 
malfonnation  as  endpoints  in  a  four-day  assay  (2).  Use  of  the 
embryonic  stage  of  the  organism  probably  exposes  the  most 
sensitive  stage  of  the  life-cycle  to  the  toxicant.  Use  of  the 
multiple  endpoints  enables  detection  of  multiple  effects  of 
toxicants  ( 2 ) .  FETAX  has  been  evaluated  with  over  sixty 
chemicals,  is  established  as  an  ASTM  standard  (2),  and  is  now 
undergoing  inter-lab  validation.  The  copious  amount  of  data 
existing  for  FETAX  makes  validation  of  the  membrane  potential  and 
other  CHAWQ ^ (Cell  Health  Assay  of  Water  Quality)  biomarkers 
realistic  since  there  is  a  96  hour  FETAX  response  available  for 
most  of  the  chemicals.  Dr.  Jack  Bantle,  who  is  responsible  for 
standardizing  FETAX  and  responsible  for  its  worldwide  reputation, 
is  the  co-P.I.  on  this  proposal.  The  CHAWQ  assay  (4,8),  using  a 
suite  of  cellular  biomarkers,  developed  to  assess  the  cellular 
mode  and  mechanism  of  toxicity,  uses  the  same  breeding  and  embryo 
selection  protocol  as  the  FETAX  assay. 

CHAWQ  DESCRIPTION 

CHAWQ  (Cell  Health  Assay  of  Water  Quality) ,  developed  by  me 
over  the  last  four  years,  uses  blastula  stage  embryos  is  to 
rapidly  assess  the  quality  of  water  and  to  determine  the  mode  and 
mechanism  of  action  of  toxicants.  The  rationale  behind  CHAWQ  is 
that  long-term  deleterious  effects  on  cells  exposed  to  water  will 
be  reflected  in  short-term  alterations  of  cellular  biomarkers. 
CIU^WQ  uses  30  embryos  per  replicate  and  takes  about  thirty 
minutes  to  perform.  CHAWQ  evaluates  principal  indicators  of 
cellular  health  by  using  non— invasive  optical  transducers  of 
cellular  biomarkers  (8).  The  CHAWQ  assay  has  been  used  to 
evaluate  the  toxicity  of  potato  glycoalkaloids  (4)  and  been 
calibrated  for  membrane  potential  response  using  valinomycin  and 
gramicidin  as  known  modifiers  of  membrane  permeability  (5).  The 
calibration  study  showed  that  an  increase  in  dye  fluorescence  is 
correlated  with  a  depolarization  of  the  negative  cell  membrane 
potential  towards  zero.  An  ASTM  monograph  as  well  as  other 
publications  (4,5,8)  delineates  the  instrumentation,  biomarkers, 
and  shows  a  CHAWQ  can  be  used  to  discriminate  mode  and  mechanism 
of  action.  Lastly,  a  patent  application  and  is  in  review  for  the 
use  of  the  technique  on  Daphnia  as  a  rapid  replacement  for  the 
four  and  seven— day  Daphnia  survival  and  reproduction  assays  for 
water  quality. 

The  extension  of  the  bioassays  into  neural  analysis  was 
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suggested  by  the  studies  of  Kandel  and  collaborators  on  Aplysia. 

ndel  (see  18  for  instance)  showed,  in  an  impressive  series  of 
experiments,  that  conditioning  of  the  siphon  withdrawal  reflex  in 
Aplysia  was  associated  with  a  demonstrable  change  in  the 
dendritic  structure  surrounding  the  identified  interneurons.  The 
simplicity  of  the  Aplysia  neural  network  aided  in  the  analysis; 
however  similar  techniques  can  be  applied  to  vertebrates  with 
respect  for  the  limitations  imposed  by  smaller  neuronal  size  and 
complex  neural  architecture  of  vertebrates. 


We  employed  naive  and  pre-exposed  tadpoles  in  our  analysis 

yse  the  tadpoles  surviving  the  FETAX  and 
CHAWQ  assays  as  experimental  subjects  for  the  neurological 
assays.  We  will  use  the  control  tadpoles  from  FETAX  and  CHAWQ  as 
naive  tadpoles  for  our  neurological  studies.  We  will  use  exposed 
tadpoles  as  pre-exposed  tadpoles  in  the  neurological  studies. 


D . 4 . 1  CHAWQ  INSTRUMENT 


Figure  1  is  a  schematic 
layout  of  the  instrumental 
portion  of  the  CHAWQ 
instrument.  The  light  from  a 
xenon  short-arc  lamp  (not 
shown)  enters  two 
monochromators  (MONOl  and 
M0N02 ) .  The  monochromators 
have  mechanically  operated 
slits  and  electro-mechanical 
monochromator  drives  (not 
shown).  The  light  outputs  of 
the  monochromators  are 
combined  by  an  optical  chopper 
into  a  single  beam  containing 
the  two  wavelengths  from  the  monochromators. 


CHAWQ  instrumentation 


The  combined  beam  is  split  into  two  beams  by  a  beam  splitter 
(BEAM  SPLITTER).  One  beam  goes  through  a  sample  chamber  (S);  the 
other  passes  through  the  reference  chamber  (R) .  The  sample 
chamber  consists  of  3  mm  quartz  microcuvette  mounted  inside  a 
baffled  aluminum  sample  box  (see  Figure  2  for  details).  Inside 
the  sample  chamber  (the  microcuvette)  are  the  test  embryos.  The 
combined  light  beam  is  used  to  obtain  fluorescence  data  from  both 
the  sample  and  reference  organisms  (eg.  frog  embryos).  The  beam 
excites  the  electrochromic  dye  Di-4-ANEPPS  which  has  been  pre- 
loaded  into  the  embryos.  Di-4-ANEPPS  fluoresces  proportionally  to 
the  membrane  potential .  The  fluorescent  emission  is  measured  by 
counting  the  photons  passing  through  the  emission  monochromators 
(M0N03  and  M0N04).  The  counting  is  accomplished  by  photon¬ 
counting  the  output  from  photomultiplier  tubes  (PMT)  and 
transferring  the  count  rate  to  an  instrumentation  package. 
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Figure  2  is  a  detailed 
representation  of  the  sample 
chamber  portion  of  CHAWQ. 

That  is,  the  boxes  labeled  R 
and  S  in  Figure  1  are  drawn 
in  Figure  2  in  detail,  in  • 

Figure  2,  light  enters  the 
sample  chamber  from  the  left 
of  the  figure  and  is  focused 
onto  the  central  box  which 
contains  a  3  mm  quartz 
microcuvette.  Baffles  (drawn 
but  not  labelled)  prevent 
the  light  from  being 
inadvertently  scattered  into 
the  emission  monochromator. 

The  light  entering  the 

embryos  containing  electrochromic  dye 
ANEPPS  (or  other  fluorescent  dye) .  The  emission  from  the 

embryos  exits  at  a  90  »  angle  to  the  excitation  light. 
The  emission  from  the  embryos  is  captured  and  focused  onto  a 
monochromator  (not  shown)  which  is  attached  to  the  exit  port. 


SAHPLE  CHftnSER 
FOR  CHAWQ 


TOP  VIEW 


SIDE  VIEW 


Figure  2 .  Side 
Sample  Chamber 


and  Top  View  of 


Figure  3  describes  the  loading  process  used  to  place  the  embryos 
in  the  3  mm  quartz  cuvette  in  Figure  2.  The  blastula-staqe 
embryos  are  loaded  into  the  cuvette  by  drawing  the  embryos  into  a 
widened,  fire  polished  pipette.  The  embryos  are  then  carefully 
ropped  out  of  the  pipette  into  the  3  mm  cuvette,  previously 
filled  with  FET^  solution  (16).  A  separate  pipette,  attached  to 
a  vacura  line,  is  used  to  draw  off  excess  FETAX  solution.  Since 
the  embryos  have  less  than  neutral  buoyant  density  in  FETAX 
solution,  the  embryos  slowly  sink  to  the  bottom  and  stack 

process  of  loading  and  reading  the  sample 
with  the  CHAWQ  instrToment  takes  less  than  two  minutes.  Since  the 
exposure  time  in  the  cuvette  is  so  short,  no  stirring  or 
temperature  control  has  been  required. 


VIDEO  IMAGE  ANALYSIS  BIOASSAY 


To  answer  some  of  the  questions  raised  in  this  proposal,  we 
will  morphologically  analyze  the  activity  and  location  of  neural 
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pathways  in  the  tadpoles. 

The  absence  of  pigment  in 
the  albino  Xenopus  tadpole 
makes  the  tadpole  an 
excellent  experimental 
subject  for  this  assay.  We 
will,  using  the  same  Di-4- 
ANEPPS  dye  as  used  in  the 
CHAWQ  assay,  identify  singl 
neurons  and  bundles  by 
differences  in  membrane 
potential  between  the 
neurons  and  the  surrounding 
tissue.  The  neurons  have  a 
resting  potential  of  ca.  -7( 
millivolts  while  the  tissue 
has  a  typical  membrane 
potential  of  -30  millivolts 
In  preliminary  experiments 
we  have  been  able  to  analyze 

moto-neurons  against  the  background  of  muscle. 

We  will  use  the  dye  to  assess  location  of  particular  neurons.  We 
expect  to  identify  vagal,  brachial,  and  femoral  bundles.  We  will 
assess  the  membrane  potential,  using  the  Di-4-ANEPPS  dye,  firing 
rate,  and  anatomical  location  using  the  image  processor  setup 
described  for  the  avoidance-preference  and  swimming  bioassay.  We 
i^se  a  multichannel  image  intensifier  to  acquire  the  faint 
images  from  the  neurons. 

NEURONAL  PATTERN  ANALYSIS 


We  will  evaluate  the 
neural  pathways  using  neuronal 
tracing  techniques.  There  are 
a  variety  of  neuronal  tracers 
available  commercially.  These 
include:  Lucifer  Yellow, 
Cascade  Blue,  and  the 
CellTracker  series  from 
Molecular  Probes.  We  plan  to 
use  these  dyes  in  anterograde 
and  retrograde  tracing.  These 
dyes  are  injected  into  the 
cells  by  the  following  means: 


Petri  DisK  Denial  Wox 


lontophoretic  injection  or  * - — _ I 

pressure  injection-  Dye  is 

loaded  into  a  inicropipette  and  injected  into  a  particular  neuron. 
In  vertebrates  the  problem  is  in  identifying  the  neuron  prior  to 
injection.  Once  the  dye  is  injected,  the  dye  diffuses  through  the 
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axon  and  is  localized  through  fluorescence  image  analysis. 

Ablation  of  a  neural  field  or  scrape  loading  relies  on  a  broad¬ 
brush  loading  of  neurons  by  severing  the  neurons  at  a  particular 
point,  then  following  the  course  of  the  dye  diffusion  by 
fluorescence  analysis. 

DYE/MICROELECTRODE  DESCRIPTION 

Microelectrode  experiments  were  carried  out  using  a  setup 
schematicized  in  Figure  4  as  modified  for  this  project.  The 
microelectrode  is  mounted  in  a  mechanical  micromanipulator 
mounted  on  the  microscope  stage.  The  microelectrode  is  "pulled” 
from  borosilicate  glass  using  an  ISA  or  Narashige  horizontal 
microelectrode  puller.  These  pullers  usually  make  electrodes  in 
the  10  megohm  range  with  steep  tapers  and  concentric  tips.  The 
electrodes  are  backfilled  with  KCl  solution  and  tip-filled 
through  capillary  action  from  the  fluorogold  solution. 

Embryos  were  placed  in  dishes  Of  FETAX  and  allowed  to  grow  for 
48+  hours.  An  embryo  was  chosen  from  the  group  and  anesthetized. 
An  injection  of  Fluro-gold  was  given  into  the  eye  of  the  embryo. 
The  amount  of  73.6  nl  was  measured  by  the  Nanoject  pump.  The 
embryo  was  then  placed  into  a  dish  of  FETAX. 

Embryos  developed  for  another  96+  hours.  At  this  point,  they  were 
anesthetized  and  formalined.  The  specimens  were  prepared  for 
sectioning  by  placing  them  on  a  metal  block  already  frozen  in 
liquid  nitrogen)  and  dropping  water  around  La  provide  an  adhesion 
to  the  surface.  -  The  block  was  then  Placed  into  the  liquid 
nitrogen  until  the  water  Was  completely  frozen.'  :The  Cryostat  was 
cooled  to  -20  degrees  C.  The  block  was  then  placed  into  the 
holder  and  20  micron  sections  were  obtained.  They  were  placed 
sequentially  onto  a  slide  for  viewing.  The  sections  were  viewed 
with  a  fluorescence  microscope.  A  blue/green  420K  blocking  filter 
was  used.  Photos  were  taken  with  a  40X  objective  and  5X  photo 
eyepiece. 

ANIMAL  CARE 

PROTOCOL 

Adult  albino  Xenopus  laevis  pairs  were  kept  in  aquaria  and 
periodically  mated  to  produce  fertilized  eggs.  These  embryos  are 
the  experimental  subjects  for  the  proposed  research.  All  embryos 
are  terminated  at  the  end  of  the  experiments  (typically  96  hours 
after  fertilization). 


Adult  pairs  are  bred  about  every  six  weeks.  HCG  (human  chorionic 
gonadotropin)  is  injected  into  the  Xenopus  laevis  female  and  male 
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about  12  hours  prior  to  the  experiment.  About  six  hours  after  HCG 
injection,  the  adults  will  perfoinn  amplexus.  About  500  embryos 
are  obtained  from  each  mating.  The  embryos  are  de- jellied  and 
sorted  into  viable  and  non-viable  embryos.  The  viable  embryos 
are  then  placed  into  petri  dishes  in  FETAX  solution.  At  the 
appropriate  time,  depending  on  the  experiment,  the  embryos  are 
sorted  into  groups  of  20  and  labeled  as  control  and  experimental. 
Chemicals  and  dyes  are  introduced  into  the  various  dishes  as  the 
particular  protocol  requires.  Typically  several  groups  will  be 
designated  as  control  and  graded  concentrations  of  toxicant  will 
be  added  to  multiple  dishes  using  three  groups  for  each 
concentration  of  chemical.  At  about  four  hours  after 
fertilization,  the  assay  is  performed  on  the  embryos  (CHAWQ  assay 
-  see  Experimental  Design  and  Methods) .  The  embryos  were 
euthanized  after  eight  hours  or  are  maintained  until  96  hours  so 
that  the  FETAX  measurements  of  length,  malformation,  and 
viability  can  be  collected  on  the  groups  of  embryos (control  and 
experimental).  After  96  hours  all  embryos  are  euthanized.  Adults 
are  kept  as  long  as  possible  for  breeding  stock  and  are  never 
used  in  experiments.  When  the  adults  become  debilitated, 
diseased,  or  dysfunctional,  they  are  euthanized.  As  far  as  we  can 
understand  there  is  no  pain,  distress,  or  discomfort  to  the 
experimental  subjects  (four  hour  embryos).  Since  the  embryos  do 
not  have  developed  nervous  systems  at  this  stage  we  believe  that 
there  is  no  distress  from  the  dyes,  toxic  chemicals,  or 
measurement  techniques . 


Euthanasia 

Embryos  were  tenninated  at  96  hours  by  anesthetizing  embryos  in 
3-amino  benzoic  acid  ethyl  ester  (CAS  #  886-86-2)  and  euthanizing 
the  embryos  in  a  formalin  solution.  Adults  are  kept  for  as  many 
breedings  as  possible.  Diseased  or  dysfunctional  adult  frogs  are 
euthanized  also  with  3-amino  benzoic  acid  and  formalin  solution. 
This  method  of  euthanasia  is  consistent  with  the  recommendations 
of  the  Panel  on  Euthanasia  of  the  American  Veterinary  Medical 
Association  Panel  on  Euthanasia  JAVMA  188  (3)  :  252-268  (1986). 
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STATEMENT  OF  WORK/SUMMARY  OF  RESULTS 


The  Statement  of  Work  was  modified  during  the  course  of  the 
study  to  accommodate  the  new  exciting  results  uncovered  by  the 
research.  We  found  that  the  excitatory  amino  acids  (EAA)  had  no 
effect  on  frog  embryos  and  thus  were  unsuitable  candidates  for 
further  testing  on  the  whole  animal  level.  Then,  in  consultation 
with  the  CO  we  altered  the  research  to  include  testing  of 
trimethyl  tin  (TMT).  TMT  proved  to  be  a  potent  chemical  in  our 
assay.  Use  of  TMT  permitted  us  to  achieve  the  original  goals  of 
the  research  without  major  alteration  in  research  plan  or 
methodology.  We  analyzed  the  effects  of  TMT  with  FETAX,  CHAWQ, 
video  image  analysis,  and  neuronal  tracing.  We  found  clear 
evidence  that  the  presence  of  TMT  causes  localized  changes  in  the 
membrane  potential  of  regions  of  the  tadpoles  brain  and  found 
that  the  pathway  of  traced  neurons  showed  little  or  no  alteration 
when  developing  embryos  were  exposed  to  TMT. 
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ACRONYM/ SYMBOL  DEFINITION 

CHAWQ  Cell  Health  Assay  of  Water  Quality.  A  cellular  assay 
capturing  cellular  signals  leading  to  toxicity. 

FETAX  Frog  Embryo  Teratpgenesis  Assay:  Xenopus.  A  96  hour 
bioassay  evaluating  mortality  and  malformation  in  frog  embryos. 

EC50  (also  ED50)  Concentration  or  dose  of  toxicant  producing 

50  %  effect. 

LC50  (also  LD50)  Concentration  or  dose  producing  50  % 

mortality  in  a  test  sample. 

NOEC  No  observable  effect  concentration.  Concentration  of 

toxic  chemical  statistically  inferred  to  have  no  significant 
effect  on  organism. 

LOEC  Lowest  observable  effect  concentration.  Lowest 

concentration  of  toxic  chemical  statistically  inferred  to  have  a 
significant  effect  on  organism. 


BIOASSAY  An  assay  of  toxicity  which  depends  on  biological 
responses  as  compared  to  chemical  responses. 


BIOMARKER  Property  or  characteristic  of  biological  systems  that 
is  uses  as  an  indicator  or  the  health  of  the  organism. 

IMAGE  ANALYSIS  Use  of  computers  and  computer  software  to  evaluate 
and  interpret  digitized  images. 
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RESULTS 


At  the  commenceinent  of  the  contract,  we  performed  the  preliminary 
analysis  of  response  with  the  specified  chemicals  and  additional 
chemicals  suggested  by  the  contract  officer.  We  have  completed 
prelimina:^  analysis  of  the  results  and  submit  the  results  for 
your  consideration.  We  used  the  following  chemicals  and 
performed  developmental,  growth,  and  cellular  response  tests  on 
frog  embryos  using  these  chemicals: 

a-chaconine 
kainic  acid 
naphthalene 
colchicine 

Data  from  survival  experiments  (in  tables)  and  fluorescence 
analysis  of  membrane  potential  (bar  graphs)  follow  this  page. 
Following  is  a  synopsis  of  the  results  obtained. 


As  outlined  in  the  proposal  narrative,  we  initially  used  kainic 
acid  (KA) ,  colchicine,"  and  variations  on  kainic  acid  to  induce 
central  nervous  system  pathologies.  Unfortunately,  the  embryos 
neglected  to  cooperate.  They  did  not  respond  to  any 
concentration  of  KA  or  colchicine  during  the  96  hour  FETAX  assay 
or  CHAWQ  assay  (three  trials  each) .  We  detected  no  significant 
differences  in  survivability,  growth,  or  behavior  after  high 
doses  of  KA,  colchicine,  and  some  of  the  KA  alternatives.  I 
realize  that  KA  and  like  compounds  do  not  cross  the  blood— brain 
barrier  and  are  routinely  iontophoretically  injected.  However  I 
really  expected  some  effect  especially  with  doses  lOx  the  LC50  in 
rodents  or  frogs.  We  did  get  a  nice  positive  FETAX  response  to 
vinblastine;  we  are  repeating  this  experiment.  The  non-response 
to  KA  and  colchicine  caused  us  to  change  our  experimental 
timetable.  Below  is  a  commentary  on  the  specific  experiments. 

Figure  5  is  an  experiment  illustrating  the  fluorescence 
response  from  the  positive  control  experiment  (labelled  PC)  on 
all  subsequent  experiments.  This  concentration  of  the  potato 
glycoalkaloid,  a-chaconine,  produces  a  large  increase  in 
fluorescence  and  was  thus  used  to  provide  a  positive  control 
parameter  for  subsequent  tests.  a-Chaconine,  at  50  mg/L,  is  100 
%  lethal  at  24  hours  of  exposure. 

Table  1  is  a  survival  and  malformation  experiment  using 
naphthalene  exposures  for  96  h.  Note  that  there  was  no 
difference  in  survival  between  the  negative  control  and  the 
various  exposures  to  naphthalene.  This  result  is  consistent  with 
previous  exposure  experiments. 

Table  2  represents  one  of  the  exposure  experiments  to  kainic 


24 


acid  or  kainate.  There  was  no  significant  difference  between 
negative  control  and  experimental  data  points.  The  positive 
control,  the  5  mg/L  of  a-chaconine,  was  lethal  top  100  %  of  the 
embryos  by  the  end  of  the  second  day.  Table  3  and  Table  4  are 
the  results  from  additional  trials  of  kainic  acid.  As  occurred 
in  the  first  trial  (Table  2),  there  was  no  significant  difference 
between  negative  control  survival  and  the  experimental 
concentrations  of  kainic  acid. 

We  next  used  various  concentrations  of  colchicine  in 
survival  and  malformation  experiments.  Tables  5,  6,  and  7 
represent  results  from  experiments  determining  the  survival  and 
malformation  from  concentrations  of  colchicine.  In  one  trial, 
represented  in  Table  7,  we  saw  some  mortality  but  only  at 
unrealistically  high  concentrations  of  colchicine. 

Figure  6  represents  the  fluorescence  response  of  embiyos 
exposed  to  naphthalene  and  negative  and  positive  controls.  In 
this  experiment  there  was  no  significant  difference  among  the 
response  to  the  negative  control  and  the  concentrations  of 
naphthalene.  Figure  7  represents  an  experiment  with  embryos  that 
were  retractile  to  the  positive  control.  In  subsequent 
experiments  we  discarded  trials  such  as  this  one.  It  is  included 
here  to  illustrate  the  acceptability  of  trial  data. 

Figure  8  represents  the  results  of  experiments  wherein 
kainic  acid  was  used  to  in  a  fluorescence  trial  using  the  CHAWQ 
protocol  .  Note  the  marked  increase  in  fluorescence  due  to  the 
positive  control  and  that  the  various  concentrations  of  kainic 
acid  produced  a  fluorescence  response  not ■ significantly  different 
from  the  negative  control. 

Colchicine  was  used  to  test  the  response  of  the  embryos  in  a 
trial  depicted  in  Figure  9.  In  this  experiment  the  PC  produced  a 
marked  increase  in  fluorescence  whereas  the  negative  control 
results  were  indistinguishable  from  the  various  concentrations  of 
colchicine. 
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After  the  disappointing  results  and  after  discussion  with  the 
contract  officer,  we  tested  compounds  that  had  neurotoxic  modes 
of  action.  Those  toxic  compounds  included:  naphthalene,  a- 
chaconine,  colchicine,  methotrexate,  and  mimosine.  Naphthalene 
has  general  neurotoxic  effects  unfortunately  not  limited  to  the 
CNS.  a-chaconine  has  neurotoxic  effects  at  low  concentrations 
that  are  mostly  restricted  to  the  CNS.  Methotrexate  has 
developmentally  neurotoxic  effects  on  frog  embryos.  Mimosine  has 
no  effect  on  embryos  survivability  or  growth  but  produce  amazing 
behavioral  changes.  The  tadpoles  show  strange  swimming  patterns, 
often  swimming  in  circles  or  in  a  few  cases  always  swimming 
upside  down. 

After  we  completed  the  preliminary  testing,  we  initiated  the 
testing  of  responses  of  the  frog  embryos  by  exposing  the  embryos 
during  temporal  windows  of  toxicant  exposure  and  analyzing  the 
membrane  potential  response  by  fluorescence  video  image 
processing  and  photographic  means.  We  initiated  retrograde 
neural  tracing  by  exposing  embryos  to  fluoro-gold  and  tracing 
neural  pathways.  We  setup  and  perfected  our  cryostat  and  image 
analysis  software.  We  included  completed  testing,  not  furnished 
with  the  last  report,  from  the  first  quarter  of  the  Contract  and 
preliminary  results  from  the  second  quarter  of  the  contract.  We 
used  the  following  chemicals  and  performed  developmental,  growth, 
and  cellular  response  tests  on  frog  embryos  using  the  below- 
mentioned  chemicals: 

•  a— chaconine 

•  vinblastine 

•  mimosine 

•  glutamate 

•  glycine 

•  bomocysteic  acid 

•  albizia 

Results  from  survival  experiments  (in  tables)  and 
fluorescence  analysis  of  membrane  potential  (graphs)  follow  this 
preliminary  page. 


As  previously  described  (above),  we  initially  used  kainic 
acid  (KA),  colchicine,  and  variations  on  kainic  acid  to  induce 
central  nervous  system  pathologies.  Unfortunately,  the  embryos 
neglected  to  cooperate.  They  did  not  respond  to  any 
concentration  of  KA  or  colchicine  during  the  96  hour  FETAX  assay 
or  CHAWQ  assay  (three  trials  each) .  We  detected  no  significant 
differences  in  survivability,  growth,  or  behavior  after  high 
doses  of  KA,  colchicine,  and  some  of  the  KA  alternatives.  These 
results  follow.  Use  of  some  plant  glycoalkaloids  showed 
interesting  toxicity  (mimosine)  or  behavioral  responses  (albizia) 
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The  non-response  to  KA  and  colchicine  also  caused  us  to 
change  our  experimental  timetable  and  to  use  a-chaconine  as  a 
chemical  to  invoke  neuropathology.  Using  timed  exposure  of 
embryos  to  low  doses  of  a-chaconine,  we  were  able  to  assess  the 
effect  on  embryonic  membrane  potential  on  a  regional  basis  and 
sometimes  on  an  organ  by  organ  basis.  We  include  a  few  of  the 
many  images  we  have  gathered.  These  images  are  captured  by  video 
image  processing  using  hardware  and  software  and  by  photographic 
means . 

Table  8  represents  the  results  obtained  from  vinblastine 
exposures  of  frog  embryos.  In  this  experiment  high  doses  of 
vinblastine,  5  and  10  mg/L  produced  a  slight  effect  of  survival 
of  the  embryos  on  day  4  (96h).  Significantly  all.  of  the  dead 
embryos  showed  significant  malformation.  Table  9  presents  the 
results  of  a  second  trial  with  a  larger  range  of  concentrations. 
Again  the  higher  concentrations  produced  death  and  malformation. 
Figure  10  graphically  portrays  the  fluorescence  results  from  a 
CHAWQ  assay.  In  this  figure  a  slight  decrease  in  fluorescence 
(meaning  a  hyperpolarization  of  the  membrane  potential)  was 
observed  at  concentrations  near  that  required  to  produce 
noticeable  malformation/death  in  survival  experiments.  Figure  11 
is  a  trial  using  higher  ranges  of  vinblastine.  Fig  12  is  a  low 
dose  experiment  using  a-chaconine. 

Figure  13  is  a  trial  using  the  CHAWQ  protocol  of  an 
interesting  alkaloid,  mimosine.  We  see  from  this  figure  that 
there  is  a  clear  membrane  potential  effect  that  is  biphasic. 

That  is  low  concentrations  of  mimosine  depolarize  the  membrane 
whereas  high  concentrations  (>"15  mg/L)  hyperpolarize  the 
membrane.  Table  10  represents  a  trial  using  mimosine  on  the  96  h 
survival  assay.  Unfortunately  we  had  poor  survival  in  the 
controls  so  the  data  is  suspect.  Unfortunately  we  were  unable  to 
obtain  more  mimosine  to  continue  our  study  of  this  interesting 
alkaloid. 

Table  11  represents  experiments  using  the  rare  alkaloid 
abizzia  on  survival  and  malformation  of  embryos.  Albizzia  had  no 
effect  on  survival  or  malformation  but  had  clear  effects  on 
behavior.  Upside  down  swimming  and  circling  behaviors  were 
observed  in  these  96h  tadpoles. 

Figure  14  represents  the  results  of  experiments  wherein  the 
EAA  glycine  was  used  in  CHAWQ  fluorescence  assays.  Except  for 
some  unexplained  hyperpolarization  at  low  concentrations,  there 
was  little  effect  on  the  membrane  potential.  Figure  15  for 
glutamate,  another  EAA,  and  Figure  16  for  homocysteic  acid. 

Table  12  is  the  order  of  battle  for  the  series  of 
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photographs  following  the  table.  These  photographs  identify  and 
report  the  effect  of  application  of  a-chaconine  during  the  later 
developmental  stages.  We  used  the  CHAWQ  protocol  but  did  not 
examine  the  embryos  with  fluorescence  until  the  latter  days  of 
the  trial.  Subsequent  experiments  applied  the  dose  of  a- 
chaconine  later  (after  24h) . 

This  next  section  is  a  pictorial  view  of  glycoalkaloid  toxicity. 
Embiryos  were  expose  to  Di-8-ANEPPS  and  low  concentrations  of  a- 
chaconine. 

Based  on  the  results  from  the  first  half  of  the  contract  we 
employed  additional  chemicals  suggested  by  the  contract  officer 
at  no  additional  cost  or  expense  to  the  Army.  Also,  based  on 
comments  from  the  Contract  Officer,  we  delayed  microinjection  of 
KA  and  similar  compounds  into  the  developing  embryos.  We  used 
other  neurotoxicants  suggested  by  the  contract  officer,  eg. 
acrylamide,  trimethyltin. 

During  the  third  quarter  of  the  contract,  we  initiated  the 
testing  of  responses  of  the  frog  embryos  by  exposing  the  embryos 
during  temporal  windows  of  toxicant  exposure  and  analyzing  the 
membrane  potential  response  by  fluorescence  video  image 
processing  and  photographic  means.  We  concentrated  on  analyzing 
the  effect  of  trimethyltin  on  the  neural  pathways  of  frog 
embryos.  As  can  be  viewed  in  our  data,  these  efforts  met  with 
success.  We  were  able  to  demonstrate  changes  in  membrane 
potential  patterns  when  trimethyl  tin  embryos  were  compared  to 
controls.  We  used  the  following  chemicals  and  performed 
developmental,  growth,  and  cellular  response  tests  on  frog 
embryos  using  the  below-mentioned  chemicals: 

•  trimethlytin 

•  TCAOB  &  TCAB 

•  acrylamide 


Results  from  survival  experiments  (in  tables)  and 
fluorescence  analysis  of  membrane  potential  (graphs  and  pictures) 
follow. 

Table  13  describes  an  experiment  using  an  environmental  toxicant 
TCAOA  and  TCAOB.  These  were  generously  provided  by  Dr.  Jim 
Catallo.  TCAO  is  a  food  derived  toxic  chemical  with  suspected 
neural  properties  (i.e.  behavioral  aberrations).  Unfortunately 
the  chemical  is  stage  specific  killing  and  malforming  the  embryos 
at  the  end  of  day  1  (24+  h).  Unfortunately  we  had  to  use  a  very 
high  concentration  of  DMSO  so  in  this  experiment  we  were  unable 
to  conclude  that  the  TCAO  was  toxic.  When  we  used  1  %  DMSO  to 
dissolve  the  TCAO,  we  found  that  the  chemical  was  toxic  but  only 
after  the  embryos  had  reached  the  tadpole  stage.  We  are  still 
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not  sure  what  the  mechanism  of  toxicity  is  for  this  chemical. 
The  1%  results  are  presented  in  Tables  16  and  24. 


Acrylamide  had  a  mild  toxic  effect  even  at  high  concentrations. 
These  results  are  presented  in  Table  14  and  Table  17.  Figure  17 
suggests  there  is  some  effect  on  the  embryos,  just  not  a  lethal 
one  since  the  effect  of  acrylamide  is  to  hyperpolarize  the 
membrane  potential  (lower  fluorescence). 

Table  15  presents  a  quality  control  experiment  with  our  positive 
control.  We  run  these  periodically  to  insure  our  system  is  still 
producing  the  same  responses  as  earlier  trials. 

Trimethyltin  (TMT)  was  tested  first  at  high  concentrations.  In 
Table  18,  we  note  that  all  of  the  embryos  were  dead  after  day  2 
in  10  mg/L  TMT.  At  lower  concentrations  (Tables  19  -  23)  all  of 
the  embryos  were  deformed  and  dead  while  there  was  almost  100% 
survival  in  the  negative  controls.  From  these  experiments  we 
infer  that  the  Ec50  for  malformation  is  near  0,5  mg/L  while  the 
LC50  is  near  7  mg/L. 

Figures  18  and  19  represent  a  fluorescence  response  to 
trimethyltin.  Note  the  hyperpolarization  at  low  doses. 


During  the  fourth  quarter  of  the  contract,  we  initiated  the 
testing  of  embryos  by  analyzing  the  response  of  neural  tissues  to 
trimethyltin  using  to  evaluation  paradigms,  video  image  analysis 
of  living  tadpoles  using  voltage  sensitive  dye  and  tracing  of  the 
injected  dye  Fluorogold  through  retrograde  transport.  In  the 
case  of  the  voltage  sensitive  dye  clear  changes  in  intensity  and 
pattern  were  noted  and  analyzed  to  the  level  of  the  available 
equipment.  We  noted  that  certain  regions  of  the  tadpole  brain 
were  selectively  illuminated  upon  exposure  to  TMT.  These 
responses  are  photographically  presented  in  the  pages  following 
this  narrative.  Brighter  regions  are  interpreted  as 
depolarization  of  the  cell  membranes  in  the  region.  The  last  set 
of  pictures  is  a  tracing  of  the  retrograde  transport  of 
FluoroGold  in  a  control  embryos.  The  sections  were  cut  on  a 
cryostat  and  then  photographed  with  UV  excitation  to  limit 
background  fluorescence.  The  tadpoles  exposed  to  TMT  showed  no 
significant  difference  in  pattern. 
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DESCRIPTION  OF  PHOTOMICROGRAPHS 


FLUORESCENCE  OF  ALBINO  EMBRYOS  EXPOSED  TO  LOW  CONCENTRATIONS 

g-CHACONTNF 

Photomicrograph  1:  24+  hour  old  embryo  incubated  in  FETAX 
solution  for  24  hours  then  di-8-Anepps  for  30  min.  Exposure  time 
is  5  sec.  Negative  control  for  photomicrographs  1-6. 

Photomicrograph  2:  24+  hour  old  embryo  incubated  in  0.50  mg/L  a- 
chaconine  for  24  hours  then  di-8-Anepps  for  30  min.  Exposure  time 
is  5  sec. 

Photomicrograph  3 :  24+  hour  old  embryo  incubated  in  1.00  mg/L  a- 
chaconine  for  24  hours  then  di-8-Anepps  for  30  min.  Exposure  time 
is  5  sec. 

Photomicrograph  4;  24+  hour  old  embryo  incubated  in  2.50  mg/L  a- 
chaconine  for  24  hours  then  di-8-Anepps  for  30  min.  Exposure  time 
is  5  sec. 

Photomicrograph  5 ;  24+  hour  old  embryo  incubated  in  5.00  mg/L  a- 
chaconine  for  24  hours  then  di-8-Anepps  for  30  min.  Exposure  time 
is  5  sec. 

Photomicrograph  6 ;  24+  hour  old  embryo  incubated  in  10.0  mg/L  a- 
chaconine  for  24  hours  then  di-8-Anepps  for  30  min.  Exposure  time 
is  5  sec. 

Photomicrograph  7:  72+  hour  old  embryo  incubated  in  FETAX 
solution  for  48  hours  then  0.25  mg/L  a-chaconine  for  24  hours  'and 
di-8-Anepps  for  30  min.  Exposure  time  is  5  sec.  Can  be  used  as 
negative  control  for  photomicrographs  7-12. 

Photomicrograph  8;  72+  hour  old  embryo  incubated  in  FETAX 
solution  for  48  hours  then  0.50  mg/L  a-chaconine  for  24  hours  and 
di-8-Anepps  for  30  min.  Exposure  time  is  5  sec. 

Photomicrograph  9:  72+  hour  old  embryo  incubated  in  FETAX 
solution  for  48  hours  then  1.00  mg/L  a-chaconine  for  24  hours  and 
di-8-Anepps  for  30  min.  Exposure  time  is  5  sec. 

Photomicrograph  10;  72+  hour  old  embryo  incubated  in  FETAX 
solution  for  48  hours  then  2.50  mg/L  a-chaconine  for  24  hours  and 
di-8-Anepps  for  30  min.  Exposure  time  is  5  sec. 

Photomicrograph  11;  72+  hour  old  embryo  incubated  in  FETAX 
solution  for  48  hours  then  5.00  mg/L  a-chaconine  for  24  hours  and 
di-8-Anepps  for  30  min.  Exposure  time  is  5  sec. 

Photomicrograph  12:  72+  hour  old  embryo  incubated  in  FETAX 
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solution  for  48  hours  then  10.0  mg/L  a-chaconine  for  24  hours  and 
di-8-Anepps  for  30  min.  Exposure  time  is  5  sec. 

FLUORESCENCE  OF  ALBINO  EMBRYOS  EXPOSED  TO  LOW  CONCENTRATIONS  OF 

TRIMETYLTIN 


Photomicrograph  13;  24+  hour. old  embryo  incubated  in  FETAX 
solution  for  24  hours  then  in  di--4-Anepps  for  4  hours.  Exposure 
time  is  1  sec.  Negative  control  for  pictures  13-18. 

Photomicrograph  14;  24+  hour  old  embryo  incubated  in  FETAX 
solution  for  24  hours  then  in  0.10  mg/L  trimethyltin  and  di-4- 
Anepps  for  4  hours.  Exposure  time  is  1  sec. 

Photomicrograph  15:  24+  hour  old  embryo  incubated  in  FETAX 
solution  for  24  hours  then  in  0.25  mg/L  trimethyltin  and  di-4- 
Anepps  for  4  hours.  Exposure  time  is  1  sec. 

Photomicrograph  16:  24+  hour  old  embryo  incubated  in  FETAX 
solution  for  24  hours  then  in  0.50  mg/L  trimethyltin  and  di-4- 
Anepps  for  4  hours.  Exposure  time  is  1  sec. 

Photomicrograph  17 ;  24+  hour  old  embryo  incubated  in  FETAX 
solution  for  24  hours  then  in  1.00  mg/L  trimethyltin  and  di-4- 
Anepps  for  4  hours.  Exposure  time  is  1  sec. 


Photomicrograph  18;  24+  hour  old  embryo  incubated  in  FETAX  for  27 
hours  and  di-4-Anepps  for  2.5  hours.  Photo  is  with  5X  objective 
and  exposed  for  1  sec.  Negative  control  for  photomicrographs  18- 
22. 


Photomicrograph  19;  24+  hour  old  embryo  incubated  in  0.10  mg/L 
trimethyltin  for  27  hours  and  di-4-Anepps  for  2.5  hours.  Photo  is 
with  5X  objective  and  exposed  for  1  sec. 

Photomicrograph  20:  24+  hour  old  embryo  incubated  in  0.25  mg/L 
trimethyltin  for  27  hours  and  di-4-Anepps  for  2.5  hours.  Photo  is 
with  5X  objective  and  exposed  for  1  sec. 

Photomicrograph  21:  24+  hour  old  embryo  incubated  in  0.50  mg/L 
trimethyltin  for  27  hours  and  di-4-Anepps  for  2.5  hours.  Photo  is 
with  5X  objective  and  exposed  for  1  sec. 

Photomicrograph  22;  24+  hour  old  embryo  incubated  in  1.00  mg/L 
trimethyltin  for  27  hours  and  di-4-Anepps  for  2.5  hours.  Photo  is 
with  5X  objective  and  exposed  for  1  sec. 

Photomicrograph  23:  Section  1  of  negative  control  injected  with 
Fluro-Gold  into  the  eye.  Both  a  light  micrograph  and  fluorescence 
micrograph  were  combined  to  show  the  area  of  tracing.  Exposure 
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time  was  30  seconds. 


Photomicrograph  24;  Section  3  of  negative  control  injected  with 
Fluro-Gold  into  the  eye.  Both  a  light  micrograph  and  fluorescence 
micrograph  were  combined  to  show  the  area  of  tracing.  Exposure 
time  was  30  seconds. 

Pfeotoniicrograph  25;  Section.  4  and  5  of  negative  control  injected 
with  Fluro-Gold  into  the  eye.  Both  a  light  micrograph  and 
fluorescence  micrograph  were  combined  to  show  the  area  of 
tracing.  Exposure  time  was  30  seconds. 

Photomicrograph  26;  Section  5  of  negative  control  injected  with 
Fluro-Gold  into  the  eye.  Both  a  light  micrograph  and  fluorescence 
micrograph  were  combined  to  show  the  area  of  tracing.  Exposure 
time  was  30  seconds. 

Photomicrograph  27:  Section  11  of  negative  control  injected  with 
Fluro-Gold  into  the  eye.  Both  a  light  micrograph  and  fluorescence 
micrograph  were  combined  to  show  the  area  of  tracing.  Exposure 
time  was  30  seconds. 

Photomicrograph  28;  Section  12  of  negative  control  injected  with 
Fluro-Gold  into  the  eye.  Both  a  light  micrograph  and  fluorescence 
micrograph  were  combined  to  show  the  area  of  tracing.  Exposure 
time  was  30  seconds. 

Photomicrograph  29;  Section  13  of  negative  control  injected  with 
Fluro-Gold  into  the  eye.  Both  a  light  micrograph  and  fluorescence 
micrograph  were  combined  to  show  the  area  of  tracing.  Exposure 
time  was  30  seconds. 

Photomicrograph  30;  Section  16  of  negative  control  injected  with 
Fluro-Gold  into  the  eye.  Both  a  light  micrograph  and  fluorescence 
micrograph  were  combined  to  show  the  area  of  tracing.  Exposure 
time  was  30  seconds. 

Photomicrograph  31;  Section  20  of  negative  control  injected  with 
Fluro-Gold  into  the  eye.  Both  a  light  micrograph  and  fluorescence 
micrograph  were  combined  to  show  the  area  of  tracing.  Exposure 
time  was  30  seconds. 

Photomicrograph  32;  Section  22  of  negative  control  injected  with 
Fluro-Gold  into  the  eye.  Both  a  light  micrograph  and  fluorescence 
micrograph  were  combined  to  show  the  area  of  tracing.  Exposure 
time  was  30  seconds. 

Photomicrograph  33;  Section  1  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
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seconds. 


Photomicrograph  34;  Section  3  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  35:  Section  3  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  46:  Section  4  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  37:  Section  7  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  38:  Section  8  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds . 

Photomicrograph  39:  Section  8  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds . 

Photomicrograph  40:  Section  13  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  41;  Section  15  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  42;  Section  15  of  albino  embryo  incubated  in  0.10 
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mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  43 ;  Section  18  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  44;  Section  27  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  45;  Section  30  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  46;  Section  33  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  47 :  Section  34  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
intp  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  48 ;  Section  35  of  albino  embiryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  49;  Section  36  of  albino  embryo  incubated  in  0.10 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  50;  Section  3  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
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seconds. 


Photomicrograph  51;  Section  4  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  52;  Section  7  of  albino  embryo  incvibated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  53;  Section  8  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  54;  Section  9  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  55;  Section  10  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  56;  Section  11  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  57:  Section  12  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds . 

Photomicrograph  58;  Section  12  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds . 

Photomicrograph  59;  Section  12  of  albino  embryo  incubated  in  0.25 
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mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  60:  Section  12  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  61;  Section  14  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  62;  Section  15  of  albino  emb2ryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  63:  Section  16  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  64;  Section  17  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds . 

Photomicrograph  65;  Section  18  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  66;  Section  19  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds . 

Photomicrograph  67;  Section  19  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
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seconds. 


Photomicrograph  68 :  Section  22  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  69:  Section  23  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  70:  Section  24  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  71:  Section  24  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  72:  Section  26  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  73;  Section  27  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  74;  Section  29  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  75:  Section  30  of  albino  embryo  incubated  in  0.25 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  76:  Section  35  of  albino  embryo  incubated  in  0.25 
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mg/L  trimethyl tin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  77:  Section  3  of  albino  embryo  incubated  in  0.50 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  78;  Section  3  of  albino  embryo  incubated  in  0.50 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  79;  Section  5  of  albino  embryo  incubated  in  0.50 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  80;  Section  6  of  albino  embryo  incubated  in  0.50 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  81:  Section  7  of  albino  embryo  incubated  in  0.50 
mg/L  trimethyltin  for  48+  hours  -and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  82;  Section  7  of  albino  embryo  incvibated  in  0.50 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  83:  Section  8  of  albino  embryo  incubated  in  0.50 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
seconds. 

Photomicrograph  84;  Section  10  of  albino  embryo  incubated  in  0.50 
mg/L  trimethyltin  for  48+  hours  and  then  injected  with  Fluro-Gold 
into  the  eye.  Both  a  light  micrograph  and  fluorescence  micrograph 
were  combined  to  show  the  area  of  tracing.  Exposure  time  was  30 
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alpha-Chaconine  (group  2) 
3/31/95  disk  178 
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Figure 


(30  mg/L  stock  naphthalene) 
CONCENTRATION  OF  NAPHTHALENE 


SURVIVAL 
DAY  0  DAY  3 


Negative  control 

Positive  control  (SOtng/L  a-Chaconine 

2 . 5  mg/L  Naphthalene  ,  . 

5 . 0  mg/L  Naphthalene 

10.0  mg/L  Naphthalene 

15.0  mg/L  Naphthalene 

30.0  mg/L  Naphthalene 

May  12,,  1995 


50 

45 

50 

0 

50 

42 

50 

42 

50 

45 

50 

42 

50 

48 

Table  1 
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SURVIVAL 

DAY  0  DAY  i  DAY  2  BAY  3  DAY  4 


(50  mg/L  stock  kainic  acid) 
CONCEmRATION  OF  KAINIC  ACID 

Negative  control 
Positive  control  (5ing/L  a-Chaconin 
0 . 2  ml  kainic  acid 
1.0  ml  kainic  acid 
2 . 0  ml  kainic  acid 
5 . 0  ml  kainic  acid 
10  ml  kainic  acid 

May  31,  1995 


60 

58 

56 

55 

55 

40 

28 

0 

0 

0 

60 

58 

58 

58 

58 

60 

58 

58 

58 

58 

60 

60 

58 

58 

58 

60 

56 

55 

53 

53 

60 

59 

59 

59 

58 

Table  2 
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50  mg/L  kainic  acid  stock) 
CONCENTRATION  OF  KAINIC  ACID 


SURVIVAL 

DAY  0  DAY  1  DAY  2  DAY  3  DAY  4 


negative  control 

5C  mg/L  kainic  acid 

25  mg/L  kainic  acid 

12.5  mg/L  kainic  acid 

50 

50 

50 

50 

50 

50 

49 

47 

49 

50 

48 

47 

47 

50 

48 

47 

47 
49 

48 
47 

May  31,  1995 
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Table  3 


(50  mg/L  kainic  acid  stock) 
CONCENTRATION  OF  KAINIC  ACID  CAY 

ngative  control 
5  mg/L  kainic  acid 
2.5  mg/L  kainic  acid 
1  mg/L  kainic  acid 
0.5  mg/L  kainic  acid 
0.25  mg/L  kainic  acid 
0.125  mg/L  kainic  acid 
0.05  mg/L  kainic  acid 


SURVIVAL 

CAY  1  DAY  2  DAY  3  DAY  4 


50 

49 

49 

49 

48 

50 

50 

50 

50 

49 

50 

50 

49 

49 

49 

50 

49 

48 

48 

47 

50 

50 

48 

48 

47 

50 

50 

49 

47 

47 

50 

49 

47 

47 

46 

50 

49 

47 

47 

47 

June  1,  1995 
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(50  mg/L  colchicine  stock) 
CONCEOTRATION  OF  COLCHICINE 


DAY  0 


DAY  1 


SURVIVAL 
DAY  2  DAY  3 


DAY  4 


ative  control 

50 

49 

48 

48 

48 

iTig/L  colchicine 

50 

50 

50 

49 

49 

2 . 5  mg/L  colchicine 

50 

50 

50 

49 

49 

1  mg/L  colchicine 

50 

50 

49 

49 

49 

0.5  mg/L  colchicine 

50 

50 

49 

49 

49 

0.25  mg/L  colchicine 

50 

50 

50 

49 

49 

0 . 125  mg/L  colchicine 

50 

50 

50 

50 

50 

0.05  mg/L  colchicine 

50 

50 

49 

49 

48 

June  1,  1995 
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(50  mg/L  colchicine  stock) 
CONCEOTRATION  OF  COLCHICINE 

ative  control 

sitive  control  (5  mg/L  alpha-Chacon 
0.2  ml  colchicine 

1  ml  colchicine 

2  ml  colchicine 
5  ml  colchicine 
10  ml  colchicine 


June  1,  1995 


DAY  0  DAY  1  DAY  2  DAY  3  DAY  4 


100 

99 

98 

98 

50 

42 

15 

0 

100 

100 

98 

96 

100 

99 

94 

94 

100 

100 

99 

98 

100 

100 

97 

96 

100 

100 

99 

99 
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{50  ma/L  colchicine  stock) 
CONCElh'RATION  OF  COLCHICINE 

ative  control 
sitive  control  (50  mg/L  a 
5  mg/L 
15  mg/L 
25  mg/L 
50  mg/L 


June  8,  1995 


DAY  0  DAY  1 

25  25 

Chacon  25  25 

25  25 

25  25 

25  25 

25  0 


SURVIVAL 

DAY  2  DAY  3  DAY  4 


19 

18 

18 

22 

21 

21 

18 

17 

17 

21 

19 

19 

22 

21 

19 

0 

0 

0 

Table  7 


Page  47 


Naphthalene  on  Albino  embryos 


fetax  solution  (negative  control) 

50  mq/L  a-Chaconine  (positive  control) 


Naphthalene  on  African  embryos 


CJO 


negative  control  Yfetax  ^solution) 
poStive  control  (50  mq/L  a-ChaconIne) 


Kainic  Acid  on  Albino  embryos 
5/26/95  disk  182 


mg/L 

negative  control 

postive  control  (50mg/L  a-Chaconine) 


Colchicine  on  AIbi 
6/8/95  di: 


mg/L 

gative  control 

stive  control  (50  mg/L  a-  Chaconine) 


vinblastine  on  Normal  Embryos 


June  29, 

1995 

Number  Survived 

Dish  # 

CONCENTRATION 

DAY  0  DAY4 

COMMENTS 

15,16 

Negative  Control 

50 

46 

13,14 

0.1562  mg/L 

50 

47 

11,12 

0.3125  mg/L 

50 

48 

9,10 

0.625  mg/L 

50 

46 

7,8 

1.25  mg/L 

50 

44 

5,6 

2 . 5  mg/ L 

50 

45 

3,4 

5 . 0  mg/L 

50 

39 

all  malformed 

1,2 

10.0  mg/L 

50 

37 

all  malformed 

Table  8 
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vinblastine  on  Einbrvos 


7/3/95 


# 

CONCENTRATION 

TOXICANT  DAY  0 

DAY  4  (96HR.) 

1  -SURVIVAL 

(embryos 

per  dish (embryos  per 

dish) 

1 

10  tng/L 

Vinblastine 

25 

16 

2 

10  mg/L 

Vinblastine 

25 

21 

3 

5  mg/L 

Vinblastine 

25 

16 

4 

5  mg/L 

Vinblastine 

25 

23 

5 

2 . 5  mg/L 

Vinblastine 

25 

21 

6 

2.5  mg/L 

Vinblastine 

25 

23 

7 

1.25  mg/L 

Vinblastine 

25 

22 

8 

1.25  mg/L 

Vinblastine 

25 

22 

9 

0.625  mg/L 

Vinblastine 

25 

24 

10 

0.625  mg/L 

Vinblastine 

25 

22 

11 

0.3125  mg/L 

Vir±)lastine 

25 

23 

12 

0.3125  mg/L 

Vinblastine 

25 

25 

13 

0.1562  mg/L 

Vinblastine 

25 

23 

14 

0.1562  mg/L 

Vinblastine 

25 

24 

15 

Negative  control 

FETAX  solution 

25 

22 

16 

Negative  control 

FETAX  solution 

25 

24 
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VINBLASTINE  ON  ALBINO  EMBRYOS 
Disk  186  7/6/95 


|Ojq.uoQ  q.u0oj0d 


Figure  10  Page  54 


VINBLASTINE  ON  ALBINO  EMBRYOS 
Disk  198  9/6/95 


loJi^uoQ  J.0  q.u03ja^ 
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a-Chaconine  on  Albino  Embryos 
25  Embryos  per  Concentratiion  (disk  198)  9/20/95 


VX) 

m 


0 

tTi 


CM 


0 

•H 


lOJi^uoQ  :^U0OJ0^ 


ransformed  (loqx,  antiloq) 


MIMOSINE  ON  ALBINO  EMBRYOS 
Disk  186  7/6/95 


|0jq.U03  J.0  q.u0Oj0j;j 
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Mimosine  on  Normal  Embryos 

oune  7,  1995  Number  Survived 

Dish  #  CONCENTRATION  TOXICANT  DAY  1  DAY  2  DAY3  DAY  4 


1 

Negative 

Control 

FETAX  solution 

25 

7 

5 

4 

2 

50  mg/L 

Mimosine 

25 

11 

9 

8 

3 

25  mg/L 

Mimosine 

25 

5 

4 

3 

4 

10  mg/L 

Mimosine 

25 

9 

8 

7 

5 

5  mg/L 

Mimosine 

25 

13 

12 

11 

6 

2.5  mg/1 

Mimosine 

25 

21 

17 

16 

7 

Negative 

Control 

FETAX  solution 

25 

10 

9 

9 

8 

50  mg/L 

Mimosine 

25 

7 

7 

7 

9 

25  mg/L 

Mimosine 

25 

15 

13 

13 

10 

10  mg/L 

Mimosine 

25 

9 

6 

6 

11 

5  mg/L 

Mimosine 

25 

11 

9 

9 

12 

2.5  mg/L 

Mimosine 

25 

8 

8 

8 
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Albizia  on  Normal  Einb2ryos 


Albizia  on  Embryos 
June  22,  1995 

DISH  #  Toxicant  Day  0 

1  Negative  Contro  25 

2  Negative  Contro  25 

3  Negative  Contro  25 

4  Albizia  25 

5  Albizia  25 

6  Albizia  25 


Number  Survived 

Day  1  Day  2  Day  3  Day  4 


25 

25 

25 

23 

25 

25 

23 

22 

25 

24 

23 

23 

25 

25 

25 

24 

25 

24 

24 

22 

25 

24 

24 

24 
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GLYCINE  ON  ALBINO  EMBRYOS 
DISK  188  7/12/95 


ojq.uo3  J.0  q.u0oj0^ 
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ALBINO  EMBRYOS  VS  ALPHA- CHACONINE  AT  LOW  CONCENTRATIONS 


October  31,  1995 


All  embryos  at  stages  1-8  (0+  hrs  old) . 

Dishes  1-6  set  up  for  testing  on  October  4,  1995. 


Dish  1: 

Dish  2 : 
Dish  3: 
Dish  4: 
Dish  5 : 
Dish  6: 


Negative  control  for  dishes  1-6.  5  albino  embryos 
incubated  in  lOmL  of  fetax 

5  albino  embryos  incxibated  in  0.5mg/L  a-chaconine 

5  albino  embryos  incubated  in  l.Omg/L  a-chaconine 

5  albino  embryos  incubated  in  2.5mg/L  a-chaconine 

5  albino  embryos  incubated  in  5.0mg/L  a-chaconine 

5  albino  embryos  incubated  in  lO.Omg/L  a-chaconine 


October  4,  1995 


All  embryos  at  stage  13  (24+  hrs  old) . 


Dish  1: 
Dish  2 : 
Dish  3: 
Dish  4: 
Dish  5: 
Dish  6 : 


Negative  control  for  dishes  1-6.  5  albino  embryos 
lOmL  of  fetax  for  26hrs  and  20uL  di-8-Anepps 
5  albino  embryos  incxibated  in  0.5mg/L  a-chaconine  for 
26hrs  and  20uL  di-8-Anepps  for  30min 

5  albino  embryos  incxibated  in  l.Omg/L  a-chaconine  for 
26hrs  and  20uL  di-8-Anepps  for  30  min 
5  albino  embryos  incxibated  in  2.5mg/L  a-chaconine  for 
26hrs  and  20uL  di-8-Anepps  for  30  min 
5  albino  embxyos  incxibated  in  5.0mg/L  a-chaconine  for 
26hrs  and  20uL  di-8-Anepps  for  30min 

5  albino  embryos  incubated  in  lO.Omg/L  a-chaconine  for 
26hrs  and  20uL  di-8-anepps  for  30min 


Photos  taken  of  dishes  1-6  with  1000  ASA  film,  5X  photo  eyepiece, 
lOX  objective  a  B-filter,  and  a  Nikon  35mm  camera  attached  to  a 
Nikon  camerahead. 


Dishes  7-13  set  up  for  testins  on  October  5.  1994. 


Dish 

Dish 

Dish 

Dish 

Dish 

Dish 

Dish 


10 


11: 


12 


13 


Negative  control  for  dishes  7-13.  5  albino  embryos 
incxibated  in  lOmL  of  fetax 

5  albino  embryos  incxibated  in  fetax  for  26hrs  then 
0.25mg/L  a-chaconine 

5  albino  embryos  incxibated  in  fetax  for  26hrs  then 
0.5mg/L  a-chaconine 
5  albino  embryos  incubate 
l.Omg/L  a-chaconine 
5  albino  embryos  incubate 
2.5mg/L  a-chaconine 
5  albino  embryos  incxibate 
5 . Omg/L  a-chaconine 
5  albino  embryos  incxibate 
10. Omg/L  a-chaconine 


in 

fetax 

for 

26hrs 

then 

in 

fetax 

for 

26hrs 

then 

in 

fetax 

for 

26hrs 

then 

in 

fetax 

for 

26hrs 

then 
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October  5,  1995 

All  embryos  are  48+  hrs  old. 


Dish  1:  Negative  control  for  dishes  1-6.  5  albino  embryos 

inciibated  in  lOmL  of  fetax  for  51hrs  and  20uL  di-8-Anepps 
for  25hrs 

Dish  2:  5  albino  embryos  incubated  in  0.5  mg/L  a-chaconine  for 
5lhrs  and  20uL  di-8-Anepps  for  25hrs 
Dish  3:  5  albino  embryos  Incubated  in  1.0  mg/L  a-chaconine  for 
5lhrs  and  20uL  di-8-Anepps  for  25hrs 
Dish  4:  5  albino  embryos  incxibated  in  2.5mg/L  a-chaconine  for 
51hrs  and  20uL  di-8-Anepps  for  25hrs 
Dish  5:  5  albino  embryos  incubated  in  5.0mg/L  a-chaconine  for 
5lhrs  and  20uL  di-8-Anepps  for  25hrs 
Dish  6:  5  albino  embryos  incubated  in  lO.Omg/L  a-chaconine  for 
51hrs  and  20uL  di-8-Anepps  for  25hrs 

Dish  7:  Negative  control  for  dishes  7-13.  5  albino  embryos 

incubated  in  lOmL  of  fetax  for  51hrs  and  20uL  di-8-Anepps 

Dish  8:  5  albino  embryos  incubated  in  fetax  for  26hrs  then  — 
0.25  mg/L  a-chaconine  for  25hrs  and  20uL  di-8-Anepps  for 
3  Omin 

Dish  9:  5  albino  embryos  incubated  in  fetax  for  26hrs  then 

0.5  mg/L  a-chaconine  for  25hrs  and  20uL  di-8-Anepps  for  30 
min 

Dish  10:  5  albino  embryos  incubated  in  fetax  for  26hrs  then 

1.0  mg/L  a-chaconine  for  25hrs  and  20uL  di-8-Anepps  for  30 
rain 

Dish  11:  5  albino  embryos  incubated  in  fetax  for  26hrs  then 

2.5  mg/L  a-chaconine  for  25hrs  and  20uL  di-8-Anepps  for  30 
min 

Dish  12:  5  albino  embryos  incubated  in  fetax  for  26hrs  then 

5.0  mg/L  a-chaconine  for  25hrs  and  20uL  di-8-Anepps  for  30 
min 

Dish  13:  5  albino  embryos  inciibated  in  fetax  for  26hrs  then 

10.0  mg/L  a-chaconine  for  25hrs  and  20uL  di-8-Anepps  for 
30  min 

Photos  taken  of  dishes  1-6  with  1000  ASA  film,  5X  photo  eyepiece, 
lOX  objective,  a  B-filter  and  a  Nikon  35mm  camera  attached  to  a 
Nikon  camerahead. 


Dishes  were  set  up  for  testing  on  October  6.  1995. 


Dish  14 :  5  albino  embryos  incubated  in  fetax  for  52hrs  and 
0.25  mg/L  a-chaconine 

Dish  15 :  5  albino  embryos  incubated  in  fetax  for  52hrs  and 
0.5  mg/L  a-chaconine 

Dish  16 :  5  albino  embryos  incubated  in  fetax  for  52hrs  and 
1.0  mg/L  a-chaconine 

Dish  17 :  5  albino  embryos  incubated  in  fetax  for  52hrs  and 
2.5  mg/L  a-chaconine 
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Dish  18:  5  albino  embryos  incubated  in  fetax  for  52hrs  and 
5.0  mg/L  a-chaconine 

Dish  19:  5  albino  embryos  incubated  in  fetax  for  52hrs  and 
10.0  mg/L  a-chaconine 

October  6,  1995 

All  embryos  are  72+  hrs  old. 

Dish  7:  Negative  control  for  dishes  7-13.  5  albino  embryos 

incubated  in  lOmL  of  fetax  for  72hrs  and  redyed  with  20uL 
di-8-Anepps  for  30min 

Dish  10:  5  albino  embryos  incubated  in  fetax  for  26hrs  then 
l.Omg/L  a-chaconine  for  46  hrs  and  redyed  with  20uL 
di-8-Anepps  for  30min 

Dish  11:  5  albino  embryos  incubated  in  fetax  for  26hrs  then 

2.5mg/L  a-chaconine  for  46hrs  and  redyed  with  20uL  di-8 
Anepps  for  30min 

Dish  14:  5  albino  embryos  inciibated  in  fetax  for  52hrs  then 

0.25mg/L  a-chaconine  for  24hrs  and  20uL  di-8-Anepps  for 
30min 

Dish  15 :  5  albino  embryos  incubated  in  fetax  for  52hrs  and 

0.5  mg/L  a-chaconine  for  24hrs  and  20uL  di-8-Anepps  for 
30  min 

Dish  16:  5  albino  embryos  incubated  in  fetax  for  52hrs  and 

l.Omg/L  a-chaconine  for  24hrs  and  20uL  di-8-Anepps  for 
30  min 

Dish  17:  5  albino  embryos  incubated  in  fetax  for  52hrs  and 

2.5mg/L  a-chaconine  for  24hrs  and  20uL  di-8-Anepps  for 
3  0min 

Dish  18 :  5  albino  embryos  incubated  in  fetax  for  52hrs  and 

5.0mg/L  a-chaconine  for  24hrs  and  20uL  di-8-Anepps  for 
30  min 

Dish  19:  5  albino  embryos  incubated  in  fetax  for  52hrs  and 

lO.Omg/1  a-chaconine  for  24hrs  and  20uL  di-8-Anepps  for 
30  min 

Photos  taken  of  dishes  1-6  with  1000  ASA  film,  5X  photo  eyepiece, 

lOX  objective,  a  B-filter,  and  a  Nikon  35mm  camera  attached  to  a 

Nikon  camerahead. 


Page  65 


ACRYLAMIDE  on  Embryos 


October  31,  1995 
DISH#  CONCENTRATION 

1  Negative  control 

2  Negative  control 

3  10  mg/L  acrylamide 

4  10  mg/L  acrylamide 

5  5  mg/L  acrylamide 

6  5  mg/L  acrylamide 

7  2.5  mg/L  acrylamide 

8  2.5  mg/L  acrylamide 

9  1  mg/L  acrylamide 
10  1  mg/L  acrylamide 


Number  Survived 
DAY  0  DAY  1  DAY  2 


20 

20 

20 

20 

20 

19 

20 

19 

19 

20 

20 

19 

20 

20 

19 

20 

19 

19 

20 

20 

20 

20 

17 

17 

20 

19 

19 

20 

20 

19 
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ACRYLAMIDE  ON  ALBINO  EMBRYOS 
DISK  214  10/31/95 
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alpha -Chaconine  Survival  Experiment 


CONCENTRATION  Nov.  7, 
Negative  Control 
0.1  mg/L  a-Chac. 

1  mg/L  a-Chac. 

2  mg/L  a-Chac. 

5  mg/L  a-Chac. 

set  up  Nov.  7,  1995 


1st  Day  Embryos 

1995NOV.  8,  1995NOV.  9,  1995Nov.  10,1995 
6  6  6 

6  6  6 

6  5  5 

6  6  6 

6  4  0 


CONCENTRATION  Nov.  8, 
Negative  Control 
0.1  mg/L  a-Chac. 

1  mg/L  a-Chac 

2  mg/L  a-Chac. 

5  mg/L  a-Chac. 

set  up  Nov.  8,  1995 


2nd  Day  Embryos 
1995NOV.  9,  1995NOV.  10,  1995 
6  6  6 

6  6  6 

6  6  6 

6  6  6 

6  0  0 


CONCENTRATION  Nov.  9, 
Negative  Control 
0.1  mg/L  a-Chac. 

1  mg/L  a-Chac. 

2  mg/L  a-Chac 
5  mg/L  a-Chac. 

set  up  Nov.  9,  1995 


3rd  Day  Embryos 
1995NOV.  10,  1995 
6 


6 

6 

6 

6 


6 

6 

6 

6 

0 
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TCAOB  &  TCAB  on  Embryos  (1%  EtOH) 


ovember 

15,1995 

DISH# 

CONCENTRATION 

DAY  0 

1 

Negative  control 

25 

2 

Negative  control 

25 

3 

Negative  control 

25 

4 

200  ug/L  TCAOB 

25 

5 

200  ug/L  TCAOB 

25 

6 

200  ug/L  TCAOB 

25 

7 

100  ug/L  TCAOB 

25 

8 

100  ug/L  TCAOB 

25 

9 

100  ug/L  TCAOB 

25 

10 

50  ug/L  TCAOB 

25 

11 

50  ug/L  TCAOB 

25 

12 

50  ug/L  TCAOB 

25 

13 

25  ug/L  TCAOB 

25 

14 

25  ug/L  TCAOB 

25 

15 

25  ug/L  TCAOB 

25 

16 

Negative  control 

25 

17 

Negative  control 

25 

18 

Negative  control 

25 

19 

200  ug/L  TCAB 

25 

20 

200  ug/L  TCAB 

25 

21 

200  ug/L  TCAB 

25 

22 

100  ug/L  TCAB 

25 

23 

100  ug/L  TCAB 

25 

24 

100  ug/L  TCAB 

25 

25 

50  ug/L  TCAB 

25 

26 

50  ug/L  TCAB 

25 

27 

50  ug/L  TCAB 

25 

28 

25  ug/L  TCAB 

25 

29 

25  ug/L  TCAB 

25 

30 

25  ug/L  TCAB 

25 

Number  Survived 

DAY  1  DAY  2  DAY  3  DAY  5 


23 

22 

22 

0 

23 

23 

22 

0 

25 

24 

21 

0 

23 

22 

21 

0 

23 

23 

22 

22 

23 

23 

22 

0 

24 

24 

21 

17 

22 

20 

19 

0 

25 

24 

23 

0 

25 

22 

21 

15 

24 

24 

22 

0 

23 

23 

21 

7 

23 

22 

22 

14 

24 

24 

20 

0 

25 

24 

23 

0 

24 

24 

24 

0 

25 

25 

23 

0 

23 

23 

23 

21 

24 

23 

22 

17 

23 

23 

22 

.  19 

21 

19 

19 

16 

22 

22 

20 

0 

25 

25 

25 

0 

21 

20 

20 

0 

24 

23 

22 

0 

25 

24 

24 

22 

24 

24 

24 

16 

24 

23 

17 

0 

24 

24 

24 

0 

24 

24 

24 

0 

1%  EtOH  was  used  to  dissolve  the  TCAB  &  TCAOB. 
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...vyiiAMIDE  on  Embryos 


November 

DISH# 

15,  1995 

CONCENTRATION  DAY 

0 

Number  Survived 
DAY  1  DAY  2 

1 

Negative  control 

25 

24 

24 

2 

Negative  control 

25 

24 

23 

3 

10  mg/L  acrylamide 

25 

22 

21 

4 

10  mg/L  acrylamide 

25 

25 

24 

5 

5  mg/L  acrylamide 

25 

23 

22 

6 

5  mg/L  acrylamide 

25 

24 

24 

7 

2 . 5  mg/L  acrylamide 

25 

24 

23 

8 

2 . 5  mg/L  acrylamide 

25 

22 

22 

9 

1  mg/L  acrylamide 

25 

25 

25 

10 

1  mg/L  acrylamide 

25 

25 

25 
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TRIMETHYLTIN  on  Einbryos 


November  15,  1995 
DISH#  CONCENTRATION 

1  10  mg/L  TMT 

2  10  mg/L  TMT 

3  10  mg/L  TMT 


Number  Suirvived 
DAY  0  DAY  1  DAY  2 


25 

22 

0 

25 

25 

19 

25 

25 

24 

short  trial  mn  of  TMT 


DAY  3 
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TRIMETHYLTIN  on  Embryos 


ecember  5,  1995  Number  Survived 

.ISH#  CONCENTRATION  DAY  0  DAY  1  DAY  2  DAY  3  DAY  4 


1  Negative  control  15 

2  Negative  control  15 

3  Negative  control  15 

4  Negative  control  15 

5  1  mg/L  TMT  15 

6  1  mg/L  TMT  15 

7  1  mg/L  TMT  15 

8  1  mg/L  TMT  15 

9  10  mg/L  TMT  15 


*  Img/L  all  deformed 


14 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

15 

14 

14 

13 

13 

15 

15 

1 

15 

14 

1 

15 

15 

1 

15 

14 

1 

15 

0 

0 

0 
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H  H  H  H 


TRIMETHYLTIN  on  Embryos 


December 

DISH# 

13,  1995 
CONCENTRATION 

DAY  0 

Number  Survived 

DAY  1  DAY  2  DAY 

3 

DAY  4 

DAY  5 

1 

Negative  control 

10 

10 

10 

10 

10 

- 

2 

1  mg/L  TMT 

10 

10 

10 

10 

10 

3 

0.5  mg/L  TMT 

10 

10 

10 

9 

10 

4 

0.2  mg/L  TMT 

10 

10 

10 

10 

10 

1 

5 

0.1  mg/L  TMT 

10 

10 

10 

10 

10 

1 

6 

0.05  mg/L  TMT 

10 

10 

10 

10 

10 

1 

7 

0.01  mg/L  TMT 

10 

10 

10 

10 

10 

1 

*  Irag/L  and  0.5  mg/L  all  deformed 
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BRYOS 


TRIMETHYLTIN  on  Embryos 


December  14,  1995 

DISH#  CONCENTRATION  DAY  0 

1  Negative  control  10 

2  1  mg/L  TMT  10 

3  0.5  mg/L  TMT  10 

4  0.2  mg/L  TMT  10 

5  0.1  mg/L  TMT  10 

6  0.05  mg/L  TMT  10 

7  0.01  mg/L  TMT  10 


Number  Suirvived 

DAY  1  DAY  2  DAY  3  DAY  4 


10 

10 

10 

10 

10 

10 

10 

10 

10 

9 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10* 

8* 


*  Img/L  and  0.5  mg/L  all  deformed 
embryos  are  24  hrs.  old 
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TRIMETHYLTIN  on  Embryos 


December 

15,  1995 

DISH# 

CONCENTRATION 

DAY  0 

1 

Negative  control 

10 

2 

1  mg/L  TMT 

10 

3 

0 . 5  mg/L  TMT 

10 

4 

0.2  mg/L  TMT 

10 

5 

0.1  mg/L  TMT 

10 

6 

0.05  mg/L  TMT 

10 

7 

0.01  mg/L  TMT 

10 

Number  Survived 

DAY  1  DAY  2  DAY  3  DAY  4 


10 

10 

10 

9 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

*  Img/L  and  0.5  mg/L  all  deformed 
embryos  are  48  hrs.  old 


Table  22 
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TRIMETHYLTIN  on  Embryos 


December  18,  1995 

DISH#  CONCENTRATION  DAY 

1  Negative  control 

2  1  mg/L  TMT 

3  0.5  mg/L  TMT 

4  0.2  mg/L  TMT 

5  0.1  mg/L  TMT 

6  0.05  mg/L  TMT 

7  0.01  mg/L  TMT 

8  Negative  control 

9  1  mg/L  TMT 

10  0.5  mg/L  TMT 

11  0.2  mg/L  TMT 

12  0.1  mg/L  TMT 

13  0.05  mg/L  TMT 

14  0.01  mg/L  TMT 


Number  Survived 
0  DAY  1  DAY  2  DAY  3 


25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

24 

24 

25 

.  25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

22 

22 

25 

25 

25 

25 

24 

22 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

DAY  4 

25* 

25* 


25* 

22* 


*  Img/L  and  0.5  mg/L  all  deformed 


Table  23 
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TCAOB  &  TCAB  on  Embryos  (1%  EtOH) 


December  21,  1995 

Number 

Survived 

DISH#  CONCENTRATION 

DAY  0  DAY 

1  DAY 

2-4 

1  Negative  control 

25 

25 

0 

2  200  ug/L  TCAOB 

25 

24 

0 

3  100  ug/L  TCAOB 

25 

25 

0 

4  50  ug/L  TCAOB 

25 

25 

0 

5  25  ug/L  TCAOB 

25 

24 

0 

6  10  ug/L  TCAOB 

25 

23 

0 

7  Negative  control 

25 

25 

0 

8  200  ug/L  TCAOB 

25 

24 

0 

9  100  ug/L  TCAOB 

25 

25 

0 

10  50  ug/L  TCAOB 

25 

25 

0 

11  25  ug/L  TCAOB 

25 

24 

0 

12  10  ug/L  TCAOB 

25 

24 

0 

13  Negative  control 

25 

25 

0 

14  200  ug/L  TCAB 

25 

24 

0 

15  100  ug/L  TCAB 

25 

23 

0 

16  50  ug/L  TCAB 

25 

25 

0 

17  25  ug/L  TCAB 

25 

25 

0 

18  10  ug/L  TCAB 

25 

25 

0 

19  Negative  control 

25 

25 

0 

20  200  ug/L  TCAB 

25 

24 

0 

21  100  ug/L  TCAB 

25 

25 

0 

22  50  ug/L  TCAB 

25 

24 

0 

23  25  ug/L  TCAB 

25 

23 

0 

24  10  ug/L  TCAB 

25 

25 

0 

EtOH  was  used  to  dissolve 

the  TCAB 

&  TCAOB. 

le  24 
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